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The helical coil of the LHD is one of the 
largest class superconducting coil. So, it is 
necessary to operate the coil safely by the 
improvement of quench detection and protection 
techniques. To do this, we have carried out 
following investigations: 
(1) Experimental research on on-line monitoring 
and controlling of a small scale superconducting 
coil introducing the fuzzy theorem. 
(2) AE measurement in IV coil at constant sweep 
rate of excitation current. 
(3) Artificial quench experiment of 
superconducting coil induced by mechanical 
disturbance using impact hammer. 
The object of these investigations are to obtain 
a guideline for operation and control of the future 
LHD system. 
The obtained results are shown as follows: 
[1] On-line monitoring and control of small scale 
superconducting coil introducing fuzzy theorem 
The state of the superconducting coil calculated 
by the fuzzy theorem is synthesized to the 
"dangerous rate", which has a value distributing 
from 0 to 1. At this time, input signals make use 
of following three variables, i.e. transport current, 
balance voltage, and temperature. And, the current 
of the superconducting coil is controlled by the 
fuzzy logic basing on the "dangerous rate". We 
selected the following four control states, i.e. 
increasing, holding, decreasing, and shut down of 
the current. 
Two kinds of experiments using the fuzzy 
theorem were carried out. One is the pulse spot 
heating experiment at constant current and the 
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other is the current increasing· experiment at a 
constant sweep rate. Experimental results show 
that if the membership functions of the input 
signals and the fuzzy rule are set up appropriately, 
this method is able to control the superconducting 
magnet effective! y. 
[2] AE measurement of IV coil at constant sweep 
rate of excitation current 
In order to detect AE signals which have 
higher magnitude than a certain level, a threshold 
value are presumed. From the experimental 
results, it becomes clear that the minimal current 
at which the AE signals are firstly detected 
increases with the number of excitation times, i.e., 
the Kaiser effect is clearly confirmed. This 
phenomenon is detected in the current range less 
than 15kA. And, in the range higher than the 
15kA, AE signals were always detected. 
However, we confirmed that the detected signals 
were decreasing with the number of excitation 
times. These characteristics implies that the coil 
performance is improved by the training. 
[3] Quench of superconducting magnet induced by 
mechanical disturbance using impact hammer 
We have carried out a quench experiment 
triggered by mechanical impact which is 
generated by dropping a weight from certain 
height. To transmit the mechanical impact to the 
magnet, a wave guide made of SUS-304 rod with 
1 meter long and 7mm diameter is attached on the 
magnet. The input energy is detected by strain 
gauge stuck on the SUS rod. We have 
investigated the relation between the impact 
energy and the behavior of the superconducting 
magnet. Experimental results show that a 
mechanical impact energy applied to the 
superconducting magnet by hammering can 
generate a quench. The estimated threshold value 
of the impact energy necessary for the quench is 
about 100mJ. 
